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ABSTRACT 



A voltage detector for providing an indication of the 
power supply level. The voltage detector includes a 
differential amplifier which compares the core voltage 
supply with the peripheral voltage supply. An output 
stage receives the determination and outputs a signal 
indicating whether the core voltage supply is the same 
as the peripheral power supply or whether the two are 
different. 

16 Claims, 3 Drawing Sheets 
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1 2 

use of on-ch^) memory. Furthermore, the use of these 

AUTOMATIC VOLTAGE DETECTOR CONTROL on^hip regbters requires the time of a system designer 

CIRCUrrRY to program them. 

_ Second, extemai pins may be used to indicate to the 

FIELD OF THE D^NTION 5 chip the level of the power supply being used. For 

The present invention relates to the field of supplying instance, when a single pin is used to indicate the power 

power to integrated drcnits; more particularly, the supply level for a chip, the chip is capable of operating 

present invention relates to the field of power supply at two different power supply levels. When the pin is in 

level detection. one state (e.g., a logical 0), the power supply level is at 

BACKGROUND OF THF TNVPm-TnKr ^ ^^""^^ "^^^ pin is in the other state (e.g.. a 

bACKCjrROUJND OF THE INVENTION ^^^^ ^ ^^^^^ ^^ppl^ ^ ^ j^^^j ^ 

A large majority of electronic circuits require one or multiple portions of a chip are capable of operating at 

more power supplies for operation. Typically, these different power levels, then each separate portion 

power supplies must be stable. However, even though would require a separate pin. The number of pins on a 

the power supplies are considered stable, the power chip direcdy affects the size of the chip. The more pins 

supply levels generated for some applications usually a chip has, the larger it is. To minimize the chip size, the 

vary during operation. For instance, a 3.3 volt power number of pins must be reduced. Thus, there is a need to 

supply may generate anywhere from 2.8 volts to 3.7 allow a chip, or portion thereof, to be powered by more 

volts durmg its operation and still be considered (i.c., than one power supply level, while keeping the pin 

rated) a 3.3 volt power supply. Similarly, a 5 volt power 20 ^^^^ ^ p s c pm 

ripply n^y generate anywh^e W 4.2 to 5.6 volts In the prior art, especially with respect to powerlevel 

dunng Its operation and stdl be considered (rated) a 5 sensitive input buffer circuitry, tiie basic input/output 

volt power supply. Tliese varymg type of power gy^tem (BIOS) is used to determine tiie chip power 

rSmpu4TS;^^ " ' """"" 25 -PP^y- ^ f P - -Pf e of operating 'at 'a two 

^ *^ * i_- • power supply levels (e.g., a 3.3 or 5 volt power supolvX 

Today, certam computer chips are capable of beins iL tst^o \ •? \I - ^1 , Jfi^« 

suppHed with two different power supply levds^f must wnte two versions of the BIO^ 

in^ce, a chip may be suppl^ witii dtiier a 5 volt or !°!hTT^ '^'^.''''^ T.? 'Y^^ ^'""'^ ^^^^ 
a 3.3 volt power supply. Furthermore, certain chips m ^olt) and one for op^tmg with the o^^^ 
the market today utilize different power supply levels 30 level (e g., 5 volt). It is desirable to have the voltage 
for different portions of the chip. In otiier words, a ^PP^^ level automaticany sensed at power-up for tiie 
portion of tiie chip may be powered by a power supply v<5Jtage sensitive circmtry, such tiiat no work is re- 
at one level (e.g., 5 volt supply), while another portion ^^^^ ^^^^ Furtiiennore, tiie trip- 
of tiie chip is powered by a power supply at a different P^"^*^ of mput buffers arc not properly set until approxi- 
level (e.g., 3.3 volt supply). Also a portion of the chip 35 "lately 50 prefetch cycles have been completed and 
may be powered by a power supply at one level (e.g., ^® ^P^* *° ^® ^ internal 
3,3 volt supply), while another portion of the chip is operation. Moreover, in the prior art, as the input trip- 
capable of being supplied with more than one power ^ properly until a certain number of pre- 
supply level (e.g., 3.3 volts or 5 volts). ^^^^^ cycles, the wrong trip-point maybe used, causing 
Some of the circuitry on these dual or multi-power 40 ^® chip to hang and never recover. Also, if the BIOS 
supply level chips are sensitive to the power supply programs the trip-point improperly, the chip may not 
level under which they operate. For instance, circuitry work as expected. It is desirable to start sensing power 
powered at one level may not operate in the same man- immediately after power-up and also to select the trip- 
ner when powered at another level. For example, if an point of the input buffer before any input is sampled, 
input buffer were powered by multiple power supply 45 This almost guarantees that the chip will function prop- 
levels, its trip points would be effected by the change in erly. 

the level, such that the trip point would be different for As will be shown, the power supply level detector of 

the different power supply levels. These circuitries must the present invention elimmates the need to have on- 

be able to compensate for the differences in the power chip programmable registers to indicate to the chip the 

supply levels. Also these circuitries would also need an 50 power supply level. Also the power supply level detec- 

indication of the power supply level. For example, trip- tor of the present invention eliminates the need to use 

point selection circuitry would be needed to set the trip extemai pins to program circuitry requiring knowledge 

point for the input buffers according to whether the of the power supply level to operate correctiy. The 

chip is being powered by one power supply level O.e., power supply level detector of the present invention 

3.3 volts) or another power supply level (i.e., 5 volts). In 55 senses the peripheral power supply of the I/O buffers to 

these instances, the circuits must be programmed ac- determine what power supply is applied to the chip 

cording to the power supply level which is being uti- during the power-up reset sequence. Once the power 

lized. supply of tiie I/O biiffers is determined, the present 

In the prior art, these power supply level dependent invention sets the trip point of the buffers automatically, 

circuits can be progranuned in one of two ways. First, 60 Furthermore, after setting the trip-point, the present 

a set of registers located on tiie chip itself is available for invention shuts itself off to save power, 
the user to program the level of the power supply cur- 

rentiy being used. Dep«iding on how tiie user pr<^ SUMMARY OF THE INVENTION 

grams the register, the circuitry is able to compensate A circuit for detecting the voltage supply levd on an 

for the various power suppUes levels which can be 65 integrated circuit is described. The voltage detector 

received. However, the use of registers on-chip requires includes a differential amplifier and output circuitry, 

the use of memory storage on-ch^>. Memory storage is The differential amplifier compares two voltage 

limited on-chip and generally there is a need to limit the supplies, a first at a predetermined voltage supply level 
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and a second at either the predetermined voltage supply information, a Random Access Memory (RAM) or 
level or at another voltage supply level. The differential other dynamic storage device 14 (commonly referred to 
amplifier outputs a signal which indicates whether the as a main memory) coupled with bus 11 for storing 
power supply level of the second is at the predeter- information and instructions for processing means 12, a 
mined power supply level or is at another voltage sup- 5 Read Only Memory (ROM) or other non-volatile stor- 
ply level. The output circuitry receives the signal from age device 16 coupled with bus 11 for storing non- 
the differential amplifier and generates a signal which volatile information and instructions for processing 
indicates the level of the second voltage supply. means 12, a data storage device 17, such as a magnetic 

In another embodiment of the present invention, the disk and disk drive, coupled with bus 11 for storing 
voltage detector circuitry includes circuitry to disable tO information and instructions, a display device 21, such 
the differential amplifier and output circuitry after the as a cathode ray tube, liquid crystal display, etc., cou- 
output circuitry indicates the level of the second volt- pled to bus 11 for displaying information to the com- 
age supply. Also in another embodiment of the present puter user, an alpha-numeric input device 22 including 
invention, the voltage detector circuitry includes cir- alpha-numeric and other keys, etc., coupled to bus 11 
cuitry to retain the voltage supply indication from the 15 for communicating information and command selec- 
output circuitry when the differential amplifier and tions to processor 12 and a cursor control 23 for con- 
ou^ut circuitry have been disabled. trollmg cursor movement. The system also includes a 

BRIEF DESCRIPTION OF THE DRAWINGS ^^^rd copy device 24, such as a plcrtta: or printer, for 

providing a visual representation of the computer im- 

The present invention will be understood more fully 20 ages. Hard copy device 24 is coupled with processor 12, 
from the detailed description given below and from the main memory 14, non-volatile memory 106 and mass 
accompanying drawings of the preferred embodiment storage device 17 through bus 11. Finally, the system 
of the invention, which, however, should not be taken includes a sound recording and playback device 25 for 
to limit the invention to the specific embodiments, but providing audio recording and playback, 
are for explanation and understanding only. 25 Of course, certain implementations and uses of the 

FIG. 1 is a block diagram of the computer system of present invention may not require nor include all of the 
the present invention. above components. For exainple, in certain implementa- 

FIG. 2 is a block diagram of the microprocessor of tions a keyboard and cursor control device for inputting 
the present mvention. information to the system may not be required. In other 

FIG. 3 illustrates a circuit schematic of the voltage 30 implementations, it may not be required to provide a 
detector control circuitry of the present invention. display device for displaying information. 

FIG. 4 illustrates the currently preferred embodiment Processor 100 is utilized in conjunction with a com- 
of the circuit schematic of the voltage detector control puter system which generally includes a bus, a main 
circuitry of the present invention. memory, a static memory, a display device, an alphanu- 

DETAILED DESCRIPTION OF THE meric input device, and a hardcopy device (all of which 

INVENTION shown in order to avoid confusion). Of course, 

certain computer system implementations and uses of 

A voltage detector control circuitry is described. In the present mvention may not require nor include all of 
the following description, numerous specific details are these components. 

set forth, such as specific voltages, transistor sizes, etc., 40 FIG. 2 shows a block diagram of microprocessor 100 
in order to provide a thorough understanding of the utilized by the preferred embodiment of the present 
preferred embodiment of the present invention. It will invention. Processor 100 is preferably manufactured as 
be obvious to those skilled in the art that the present an integrated circuit using a metal-oxide semiconductor 
invention may be practiced without these specific de- (MOS) process. Referring to FIG. 2, processor 100 
tails. Also, well-known circuits have been shown in 45 generally comprises core unit 103. Core unit 103 in- 
block diagram form, rather than in detail, in order to eludes logic and circuitry for processing data, an indus- 
avoid unnecessarily obscuring the present invention. try standard architecture (ISA) or a bus control unit for 

Overview of the Computer System of the Present ^""^^T"^ communication of processor 100 with the 
Invention computer system, and a memory control umt 

50 (MCU) for controlling communication of processor 100 

Referring to FIG. 1, an overview of a computer sys- with tiie main memory of the computer system. Proces- 
tem of the present invention is shown in block diagram sor 100 also includes MCU buffers 101 for buffering 
form. It wiU be understood that while FIG. 1 is useful data between the MCU portion of core unit 103 and the 
for providing an overall description of the computer peripheral memory devices of the computer system, 
system of the present invention, a number of details of 55 Processor 100 also includes ISA buffers 104 for buffer- 
the system are not shown. As necessary for disclosure ing communication between core unit 103 and the bus 
of the present invention, further detail is set forth with and the associated peripheral devices of the computer 
reference to the other figures provided with this specifi- system. Core 103, MCU buffers 101 and ISA buffers 104 
cation. Further, the present invention is described with are coupled together using system bus and control sig- 
reference to its preferred embodiment; alternative em- 60 nal path (not shown) in a manner well-knovra in tiie art 
bodiments which may be conceived by one of ordinary In the present invention, core unit 103, MCU buffers 
skill in the art are considered within the scope of the 101 and ISA buffers 104 are all powered by individual 
claims set forth below. power supply levels. In the currently preferred embodi- 

As illustrated in FIG. 1, a computer system, as may ment, core unit 103 is capable of operating at only one 
be utilized by the preferred embodiment of the present 63 power supply level In the currentiy preferred embodi- 
invention, generally comprises a bus or other communi- ment, core unit 103 is powered by a 3.3 volt power 
cation means 11 for communicating information, a pro- supply. In tiie present invention. MCU buffers 101 and 
cessing means 12 coupled witii bus 11 for processing ISA buffers 104 are capable of operating at multiple 
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power levels. In the currently preferred embodiment, 
MCU buffers 101 and ISA buffers 104 are capable of 
operating with power supplies of either 3.3 or 5 volts. 
Tlius, in the currently preferred embodiment, it is possi- 
ble that a portion of processor 100 is being powered by 
a 3.3 volt power supply (e.g., core unit 103), while 
another portion (e,g., MCU buffers 101 and/or ISA 
buffers 104) is powered by a 5 volt power supply. 
It should be noted that although the power supply 



and the drain of device 202 are coupled to the gate of 
device 204. The drain of device 203 is also coupled to 
the gate of device 204. The gate of device 203 is coupled 
to the core voltage supply VCC. The source of device 

203 is coupled to Vss 0-©., ground). The drain of device 

204 is coupled to node A, while its source is coupled to 
the gates of devices 201 and 20S and the drain of device 
201 at node G. The source of device 201 is coupled to 
the core supply voltage VCC. The gate of device 201 is 



levels are 3.3 volt and 5 volt power supplies, the power 10 also coupled to the gate of device 205. 



supply levels actually vary from their rated 3.3 volt and 
5 volt values, even thou^ the power supplies are con- 
sidered 3.3 volt and 5 volt power supplies respectively. 
For instance, in the case of 3.3 volts, the power supply 
level is capable of ranging from 2.8 to 3.7 volts, yet still 15 
is considered a 3.3 volt power supply. Similarly, in the 
case of 5 volts, the power supply level is capable of 
ranging from 4.2 to 5.6 volts, yet still is considered a 5 
volt power supply. 

Some of the circuitry in both MCU buffers 101 and 20 
ISA buffers 104 must know the level of the power sup- 
ply which is currently being used to power their opera- 
tion, e.g., whether it be 3.3 or 5 volts. For instance, 
MCU buffers 101 and ISA biiffers 104 must know the 
power supply level in order to properly set the trip- 25 
points of the buffers. Separate circuitry in both MCU 
buffers 101 and ISA buffers 104 determines the power 
supply level. In the present invention, the circuitry 
determines the level of the power supply by comparing 



The source of device 207 is coupled to the peripheral 
voltage supply VCCX, In the present invention, the 
peripheral power supply VCCX is capable of being at 
more than one voltage level supply. In the currently 
preferred embodiment, the peripheral voltage supply is 
capable of being either a 3.3 or 5 volt power supply. 
The gate and the drain of device 207 are coupled to the 
gate of device 206. The drain of device 208 is also cou- 
pled to the gate of device 206. The gate of device 208 is 
coupled to the core voltage supply VCC. The source of 
device 208 is coupled to Vss (i.e., ground). The drain of 
device 206 is coupled to node A, while its source is 
coupled to the drain of device 205 at node B. The 
source of device 205 is coupled to the core supply volt- 
age VCC. 

The drain of device 209 is coupled to node A. The 
sotirce of device 209 is coupled to Vss (i.e., ground). 
The gate of device 209 is coupled to the drains and gates 
of devices 210 and 211, The source of device 211 is 



the power supply level to a known power supply level 30 coupled to Vss (i.e., groimd). The source of device 210 



(i.e., a predetermined power supply level). In the cur- 
rently preferred embodiment, the predetermined power 
supply level is that of core unit 103 which only operates 
at one level, such that each of the power supply levels 
is compared against the power supply level of core unit 35 
103. The result of the comparison is a signal which 
indicates the power supply level which is currently 
being used. Once the voltage level of the power supply, 
the trip point of the buffers can be set to operate cor- 
rectly for the voltage supply level. 40 

It should be noted that the foUowing discussion only 
focuses on the determination of the power supply level 
for MCU buffers 101. However, the present invention 
could also be used to identify the power supply level for 
ISA buffers 104 or any other circuitry that must know 45 
the level of the power supply that is powering their 
operation. 

FIG. 3 illustrates the voltage detector control cir- 
cuitry of the present invention. Voltage detector con- 



is coupled to the core supply voltage VCC. 

Node B is coupled to the gates of devices 212 and 213. 
The drains of devices 212 and 213 are coupled to the 
output of voltage detector control circuitry Q.e., node 
D). The source of device 212 is coii^led to the core 
voltage supply VCC The source of device 213 is cou- 
pled to Vss Ci.e., ground). 

Devices 201, 204-206 and 209 form a differential 
amplifier with an active load current mirror. The inputs 
of the differential amplifier are the gates of devices 204 
and 206. In one embodiment, the differential amplifier 
formed by devices 201« 204-206, and 209 is synunetrical. 
That is, devices 204 and 206 are the same size* In the 
currentiy preferred embodiment, devices 204 and 206 
have a chsomel width of 20 fi and a channel length of S 
fi. The active load current rziirror comprises devices 201 
and 205. Note that in the present invention the size of 
devices 201 and 205 are chosen arbitrarily. In the cur- 
rently preferred embodunent, devices 201 and 205 have 



trol circuitry 200 comprises p-channel devices 201, 202, 50 a channel width of 20 ^ and a channel length of 10 fi. In 



205, 207, 210, and 212, and n-channel devices 203, 204, 

206, 208, 209, 211 and 213, In the currentiy preferred 
embodiment, each of the devices is a metal-oxide semi- 
conductor (MOS) transistor. Control circuitry 200 re- 
ceives both the core voltage supply VCC and the volt- 55 
age supply of the peripheral devices (Le., the buffers) 
VCCX. Control circuitry 200 outputs a signal which 
iadicates the voltage level of the power supply. In the 
currentiy preferred embodiment, control circuitry 200 
outputs a 3 volt/5 volt (3 V/5 V) signal indicating 60 
whether the power supply of the peripheral devices 
^.e., the power supply level which powers their opera- 
tion) is 3.3 volts or 5 volts. 

Referring to FIG, 3, the source of device 202 is cou- 
pled to the core voltage supply VCC. In the present 65 
invention, the core voltage supply VCC is only one 
voltage supply. In the currentiy preferred embodhnent, 
the core voltage supply is a 3.3 volt supply. The gate 



one onbodiment, devices 201 and 205 are diodes. 

Devices 209-211 comprise the current source portion 
of the differential amplifier. In the present invention, the 
current source portion of the differential amplifier 
matches the current produced in the upper portion of 
the differential amplifier. The matching of currents is 
attained in the currentiy preferred embodiment by de- 
vice sizing. Furthermore, the current source portion is 
sized to permit as much of a voltage swing as possible, 
yet still having a voltage at node A of approximately 0 
volts. 

In the currentiy preferred embodiment, device 209 
has a channel width of 40 pi and a channel length of 11 
ft. The size of device 209 requires a low voltage to keep 
it in saturation. In the present invention, devices 210 and 
211 provide a potential to the gate of device 209 to keep 
device 209 in saturation. Device sizing allows devices 
210 and 211 to provide the low voltage. In the currently 
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preferred embodiment, the gate voltage provided by range of a 3.3 volt power supply. Also in the currently 
devices 210 and 211 is 1.3 volts. Therefore, in the cur- preferred embodiment, the differential amplifier outputs 
rently preferred embodiment, the sizes of devices 210 a logical 1 fi.e., a high) when there is no difference 
and 211 are chosen such that a 1.3 volts potential is between the supplies. In the currently preferred em- 
applied to the gate of device 209. In the currently pre- 5 bodiment, the peripheral voltage supply VCCX is de- 
ferred embodiment, device 210 has a channel width of rived from the core voltage supply VCX^ and thus, 
20 ft and a channel length of 20 fi, while device 211 has VCCX is. always less than or equal to VCC. 
a channel width of 20 fi and a channel length of 10 fu When the differential amplifier formed by device 

The output of the differential amplifier is taken at 201, 204-206 and 209 is comparing the supply voltage 

node B and outputted into an inverter formed by de- 10 VCC to the peripheral supply voltage VCCX, a poten- 

vices 212 and 213. The output of the inverter is the tial is generated at node B. If the supply voltages VCC 

output of the voltage detector control circuitry 200 (the and VCCX are both 3.3 volt supplies, then the current 

3 V/5 V signal). created in both sides of the differential amplifier will be 

When the computer system is powering up (i.e., not approximately the same. If the supply voltages of VCC 

in a power down or reduced power consumption 15 and VCCX differ and the supply voltage VCCX is 

mode), voltage detector control circuitry 200 is on. larger than the supply voltage VCC, then the current 

When voltage detector control circuitry 200 is on, de- traveling through devices 205 and 206 is larger than the 

vices 202 and 203 form a voltage reference to one of the current traveling through devices 201 and 204. A larger 

inputs of the differential amplifier formed by devices current traveling through devices 205 and 206 results in 

201, 204-206 and 209. In the present invention, the sizes 20 a drop in potential at node B. The voltage at node B is 

of devices 202 and 203 are such that a voltage reference the output signal of the differential amphfier. 

of VCC/2 is provided to the differential amplifier. In the present invention, the output signal (Le., the 

In the currently preferred embodiment, since the core potential at node 6) is received by an output stage 

voltage supply is 3.3 volts, the sizes of devices 202 and which generates a signal (at node D) that is indicative of 

203 are chosen, siich that a voltage reference of approxi- 25 the peripheral voltage supply. In the currently pre- 

mately 1.65 volts is provided to one input of the differ- ferred embodiment, if the output produced by the out- 

ential amplifier. Note that the voltage reference is not put stage is a logical 1, then the peripheral supply volt- 

exactly 1.65 volts since the voltage supply can provide age is a 5 volt supply voltage. If tiie output produced by 

potential ranging from 2.8 to 3.7 volts. In the currently the output stage is a logical 0, then the peripheral supply 

preferred embodiment, device 202 has a channel width 30 voltage is a 3.3 volt supply voltage, 

of 20 and a channel length of S while device 203 In the currently preferred embodiment, the output 

has a channel width of 5 fi and a channel length of 30 ^. stage comprises an inverter formed from devices 212 

Devices 207 and 208 provide the other voltage input and 213. The gates of devices 212 and 213 form the 
for the differential amplifier. In the present invention, input of the inverter, while the drains of devices 212 and 
the sizes of devices 207 and 208 are chosen such that if 35 213 (i.e., node D) is the output. When the supply volt- 
the supply voltages of VCC and VCCX are the same, age VCCX is a 5 volt supply and VCC is 3.3 volts, more 
the input voltage to the differential amplifier produced current flows through devices 205 and 206, therdjy 
by devices 207 and 208 will be less than or equal to that lowering the potential at node B. The voltage being low 
of devices 202 and 203. In other words, in the currently causes device 212 to pull-up the output at node D. In 
preferred embodiment, the voltage input produced by 40 this situation, device 213 is off and not conducting cur- 
devices 207 and 208 is always less than or equal to 1.65 rent. Thus, if VCCX is a 5 volt supply, then the output 
volts when the supply voltage VCCX of the peripheral of the voltage detector control circuitry 200 will be 
devices is 3.3 volts. In the ciurently preferred embodi- high. However, if the supply voltage VCCX is the same 
ment, device 207 has a channel width of 20 and a as VCC, the same current flows through devices 201 
channel length of 5 ^. Device 208 has a channel width 45 and 204 as does 205 and 206, thereby causing the poten- 
of 5 ^ and a channel length of 18 p,. Note that in the tial at node B to be higher. The higher potential at node 
present invention, for voltage detector control circuitry B turns on device 213, causing node D to be pulled to 
200 to operate correctly, VCC is greater than or equal ground. In this situation, device 212 is off and not con- 
to VCCX. ducting current Thus, if VCCX is a 3.3 volt supply, 

It should be noted that when the differential amplifier 50 then the output of voltage detector control circuitry 

formed by devices 201, 204-206 and 209 is operational, 200 will be low. 

DC current flows through both voltage references. By FIG. 4 depicts the currently preferred embodiment of 

allowing current to flow through each voltage refer- the voltage detector control circuitry of the present 

ence, the current 'leaks" from the differential amplifier. mvention. Referring to FIG. 4, voltage detector control 

The leakage of the current allows differences between 55 circuitry 300 comprises p-chaimel devices 301, 302, 305, 

the voltage supplies to be magnified, such that the com- 307, 310, 312, 314, 318 and 320, n-channel devices 303, 

parison made between the two supply voltages is accen- 304, 306, 308, 309, 311, 313, 315, 317, and 321, inverters 

tuated. Therefore, the voltage detector of the present 316, 319, 324, 326, 327, and 331-335, and pass gates 323 

invention magnifies the difference between the core and 325. In the currently preferred embodiment, the 

voltage VCC and the unknown voltage VCCX. 60 p-channel and n-channel devices are MOS transistors. 

The present invention magnifies the. difference be- The gate and the drain of device 302 are coupled to the 

tween the core voltage VCC and the unknown voltage gate of device 304. The soiu'ce of device 302 is coupled 

VCCX, even though the power supplies vary across a to the core voltage supply VCC. The drain of device 

range of voltages. In the currently preferred embodi- 303 is also coupled to the gate of device 304. The gate 

ment, the differential amplifier must be able to output a 65 of device 303 is coupled to the output of inverter 335. 

logical 0 Ci e„ a low) when the core voltage VCC is 3.7 The source of device 303 is coupled to Vss (i.e., 

volts and the unknown peripheral voltage is 4.2 volts. ground). The drain of device 304 is coupled to node A, 

Note that the 3.7 volts is still within the rated voltage while its source is coupled to the gates of devices 301 
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and 305 and the drain of device 301 at node G. The Devices 301-313 operate in the same manner as do- 
source of device 301 is coupled to the core supply volt- vices 201-213 respectively of FIG. 3, with the excep- 
age VCC The gate of device 301 is also coupled to the tion of the influence of the PWRGOOD signal (Ime 
gate of device 305. 342) and its associated circuitry in disabling the differ- 

The source of device 307 is coupled to the peripheral 5 ential amplifier portion and the latch portion (i.e., out- 
voit^e supply VCCX. In the present invention, the put portion in FIG. 2) after the latch potion produces an 
peripheral power supply VCCX is capable of being at output at node D. Devices 301, 304-306 and 309 form 
more than one voltage level supply. In the currently the same differ^tial amplifier having the gates of de- 
preferred embodiment, the peripheral voltage supply is vices 304 and 306 by its inputs. The voltage references 
capable of being either a 3.3 volt or 5 volt power sup- 10 are provided to the gates of devices 304 and 306 by 
ply. The gate and the drain of device 307 are coupled to devices 302 and 303 and devices 307 and 308, respec- 
the gate of device 306. The drain of device 308 is also tively. Furthermore, devices 310 and 311 provide a 
coupled to the gate of device 306. The source of device potential to the gate of device 309, such that a current 
308 is coupled to Vss (i.e., ground). The gate of device source is created. Device 312 and 313 form the same 
308 is coupled to the output of inverter 335. The drain 15 latch as devices 212 and 213. The voltage detection 
of device 306 is coupled to node A, while its source is control circuitry 300 also includes circuitry which al- 
coupled to the drain of device 305 at node B. The lows it to be powered down once an indication of the 
source of device 305 is coupled to the core supply volt- voltage level of the peripheral power supply has been 
age VCC. given. 

The drain of device 309 is coupled to node A. The 20 The PWRGOOD signal indicates when the inte- 
source of device 309 is coupled to Vss (i.e., ground). grated circuit is powered up. In the currendy preferred 
The gate of device 309 is coupled to the drains and gates embodiment, once the voltage supplies have been 
of devices 310 and 311. The source of device 311 is turned on, the integrated circuit is busy powering up. 
coupled to Vss O-e., ground). The source of device 310 While powering up the integrated circuit enters into 
is coupled to the drain of device 314. The gate of device 25 reset, which is well-known in the art. In the currently 
314 is coupled to the output of inverter 334. The source preferred embodiment, when the integrated circuit is 
of device 314 is coupled to the core power supply volt- powering up and is in reset, the PWRGOOD signal is a 
age VCC. Also coupled to the gate of device 309 is the logical 0 (i.e., low). In the currently preferred embodi- 
drain of device 315. The gate of device 315 is coupled to ment, when the voltage supphes have reached a level at 
the output of inverter 334. The source of device 315 is 30 which the integrated circuit can function properly, the 
coupled to Vss (Le., ground). power is "good" and is indicated by the PWRGOOD 

The output of mverter 334 is coupled to the input of signal being a logical 1 (i.e., high), 
inverter 335. The input of inverter 334 is coupled to the When the PWRGOOD signal is low, a delay is pro- 
output of inverter 333. The input of inverter 333 is duced by inverters 331^35. The output of inverter 335 
coupled to the output of inverter 332. The input of 35 will be a logical 1, (i.e., high). The high output of in- 
inverter 332 is coupled to the output of inverter 331. verier 335 causes devices 303 and 308 to be on, such that 
The input of inverter 331 is coupled to the PWRGOOD a proper input voltage is received on the gates of de- 
signal (line 342). vices 304 and 306 respectively. Snnilarly, when the 

Node B is coupled to the gates of devices 312 and 313. PWRGOOD signal is low, the output of inverter 334 
The drains of devices 312 and 313 are coupled to node 40 will be a logical 0 (Le., low), which causes device 315 to 
D. The source of device 312 is coupled to the drain of be off and device 314 to be on. Device 314 being on 
device 318. The gate of device 318 is coupled to the causes device 310 to be sourced with current, thereby 
PWRGOOD signal (line 342), and the source of device allowing the proper voltage to be applied to the gate of 
318 is coupled to core supply voltage VCC. The source device 309 so that device 309 can act as a current 
of device 313 is coupled to the drain of device 317. The 45 source. 

gate of device 317 is coupled to the output of inverter The PWRGOOD signal being low also enables the 
316. The input of inverter 316 is coupled to the latch created by devices 312 and 313. When the 
PWRGOOD signal 0ine 342). The source of device 317 PWRGOOD si^ial is low, device 318 is on, diereby 
is coupled to Vss O e-i ground). allowing device 312 to be sourced with the core supply 

Node D is coupled to the input of inverter 319 and 50 voltage VCC Similarly, when the PWRGOOD signal 
the drains of device 320 and 321. The gates of devices is low, the output of inverter 316 is high, causing device 
320 and 321 are coupled to the output of inverter 319. 317 to be on and source device 313 with Vss (Le,, 
The source of device 320 is coupled to the core supply groimd). Thus, when the PWRGOOD signal is a logical 
voltage VCC. The source of device 321 is coupled to 0 (Le., low), the differential amplifier and latch portions 
Vss (Le., ground). 55 of voltage detector control circuitry 300 are enabled. 

The output of inverter 319 is also coupled to the mput When the power reaches the functional level and the 
of pass gate 323. Pass gate 323 is also coupled to receive integrated circuit has been reset, the PWRGOOD sig- 
a signal on line 330 (the VCCXVSS signal), which acts nal goes to a logical 1 (Le.. high). When the 
as a control mpuL Signal 330 is also coupled to the input PWRGOOD signal is high, the output of inverter 335 is 
of inverter 324. The output of inverter 324 is coupled as 60 a logical 0 (Le., low). When the output of inverter 335 is 
a control input to pass gate 325. The input of pass gate a logical 0, devices 303 and 308 are off, such that they 
325 is coupled to a 3 V/5 VNN signal. The outputs of are not conducting current When devices 303 and 308 
pass gates 323 and 325 are coupled together as an input are off, devices 302 and 307 caimot be turned on nor can 
to inverter 326. The output of inverter 326 is coupled to be conducting cmrent Since devices 302 and 307 are 
the input of inverter 327. The output of inverter 327 is 65 ofT, the inputs to the differential amplifier portion of 
the output of voltage detector control circuitry 300. In voltage detector control circuitry 300 are low. When 
other words, the output of inverter 327 is the 3 V/5 V the PWRGOOD signal goes to a logical 1, the output of 
signal. inverter 334 is low causing device 314 to be off and 
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device 315 to be on. When device 314 is off, device 310 
is not sourced with any current, such that .it cannot 
provide a gate voltage for device 309. When device 315 
is on, it pulls the gate of device 309 to ground, such that 
device 309 is off and not conducting any current Since 2 
device 309 is not conducting current, then the differen- 
tial amplifier portion of voltage detector control cir- 
cuitry 300 does not have a current source, and is there- 
fore disabled. 

When the PWRGOOD signal is a logical I, (ie.. 10 
high), devices 318 and 317 are off, such that devices 312 
and 313 are not sourced current Thus, when the 
PWRGOOD signal is a logical 1, the latch formed by 
devices 312 and 313 is disabled. 

When the PWRGOOD signal is a logical 1 (Lc., 
high), the differential amplifier and latch portions are 
disabled. Even though these portions are disabled, the 
signal which was output by the latch formed by devices 
312 and 313 is retained in the keeper circuitry formed by 
inverter 319, p-channel device 320 and n-channei device 
321. 

When the output of the latch is a logical 0, the output 
of mverter 319 is a logical 1. The logical 1 (bdgh) output 
from inverter 319 causes device 321 to turn on, which 
pulls the input of inverter 319 to ground (i.e., a logical 

0 corresponding to the original output at node D). Thus, 
in this manner, the logical 0. output of the latch is re- 
tained by the keeper circuitry. Similarly, when the out- 
put of the latch is a logk:al 1, the output of inverter 319 
is a logical 0. The logical 0 output of inverter 3i9 causes 
device 320 to be on, which pulls the input of inverter 
319 high (i.e., to the level of the core voltage supply 
VCQ. Thus, in this manner, the logical 1 output of the 
latch is retained by the keeper circuitry. Therefore, 35 
when control circuitry 300 has been powered down, the 
signal indicating the voltage level of the peripheral 
power supply is retained. 

The output of the keeper circuitry Q.e., the output of 
inverter 319) is input into one input of a multiplexer 4Q 
formed by pass gates 323 and 325 and inverter 324. The 
other input of the multiplexer is from a signal (3 V/5 
VNN) via line 341 which indicates whether the periph- 
eral voltage supply is a 3.3 or 5 volt power supply. The 
3 V/5 VNN signal could be derived from a configura- 45 
tion register or other indicative source (e.g., a pin). In 
the currentiy preferred embodiment, the 3 V/5 VNN 
(line 341) is received by pass gate 325. The output of the 
multiplexer is controlled by control signal 330. In the 
currently preferred embodiment, control signal 330 50 
controls which of the pass gates, either pass gate 323 or 
pass gate 325, will ou^ut its input. In the currentiy 
preferred embodiment, if control signal 330 is a logical 

1 (i.e., high), then pass gate 323 passes its input signal 
(i.e., the si^ial output from inverter 319) on its input. 55 
However, if control signal 330 is a logical 0 (i.e., low), 
then pass gate 325 passes the signal on its input Control 
signal 330 will be low when the power supply informa- 
tion is known or has been already programmed. 

Inverters 326 and 327 provide a delay to the output 60 
produced by the remainder of control circuitry 300. 
The output of pass gates 323 and 325, which indicates 
whether the peripheral power, supply is a 3.3 or 5 volt 
supply, is input into mverter 326, which inverts it. The 
inverted signal is then inverted again by inverter 327, 65 
such that the logical state of the signal output from 
inverter 327 is the same as it was when output from 
either pass gate 323 or 325. In this manner, inverters 326 
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and 327 delay the output of control circuitry 300 by two 
logic delays. 

Therefore, voltage detector control circuitry 300 of 
the present invention automatically senses the voltage 
supply at power-up. The resulting power supply indica- 
tion can be used by the voltage-sensitive circuitry. For 
instance, the power supply indication can be used to 
indicate the power supply level to an input buffer as 
disclosed in Ser.. No. 07/972,971, filed Nov. 6, 1992, 
assigned to the assignee of the present invention. This 
occurs without user mtervention. By allowing the volt- 
age detector circuitry to sense the power supply imme- 
diately after power-up, the trip-points of the input buff- 
ers bdbre any input is sanq)led. 

In the currentiy preferred embodiment, since the 
selection of the input buffer trip-point is done automati- 
cally, a production engineer can test the 3 volt and 5 
volt riming specifications without changing the user 
equations for the voltage in high and low and without 
using a different set of test programs for the 3 volt and 
5 volt testing. In the prior art, the generation of a differ- 
ent set of test programs involves much overhead and 
man hours, which ultimately may result m longer wafer 
sorting time and, thus, slower chip production through- 
out 

Whereas many alterations and applications of the 
present invention will no doubt become apparent to a 
person of ordinary skill in the art after having read the 
foregoing description, it is understood that the particu- 
lar embodiment shown and described by illustration is 
in no way intended to be hmiting. Therefore, reference 
to details of the preferred embodiments arc not intended 
to limit the scope of the claims which themselves recite 
only those features regarded as essential to the inven- 
tion. 

Thus, a voltage detector control circuitry has been 
described. 
I claim: 

1. A circuit for detecting voltage on a integrated 
circuit comprising: 

differential amplifier means for comparing a first 
voltage supply and a second voltage supply, 
wherein the first voltage supply is a predetermined 
voltage supply level and the second voltage supply 
is capable of being the predetermined voltage sup- 
ply level or at least one other voltage supply level, 
and further wherein said differential amplifier 
means magnifies the difference between the first 
voltage supply and the second voltage supply to 
accentuate the difference between the predeter- 
mined voltage supply and the second voltage sup- 
ply, said differential amplifier outputting a first 
signal in a fust logic state if the first and second 
voltage supphes are equal and outputting the first 
signal in a second logic state if the first and second 
voltage supplies are not equal; 

output means coupled and responsive to the first 
signal firom the differential amplifier means, such 
that the output means outputs a second signal indic- 
ative of the voltage supply level in response to the 
first signal. 

2. The voltage detector as defined in claim 1 further 
comprising disabling means coupled to said differential 
amplifier means, said disabling means for disabling said 
differentia] amplifier means after said output means 
outputs said second signal. 

3. The voltage detector as defined in claim 2 wherein 
the second signal is at a third logic state if the first and 
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second voltage supplies are equal and is at a fourth logic 
state if the first and second voltage supplies are not 
equal, and wherein the voltage detector further com- 
prises means for retaining the logic state of said second 
signal after said means for disabling disables said volt- 
age detector. 

4. A circuit for detecting voltage on a integrated 
circuit comprising: 
differential amplifier means for comparing a first 



voltage supply and a second voltage supply, |o prises a multiplexer. 



or said third signal, wherein the third signal indicates 
said at least one other voltage supply level 

9. The voltage detector as defined in claim 8 further 
comprising control means for controlling said means for 
receiving said second signal and said third signal, such 
that said second signal or said third signal is output in 
response to said control means. 

10. The voltage detector as defined in claim 8 
wherein said means for receiving and outputdng com- 



wherein the first voltage supply is a predetermined 
voltage supply level and the second voltage supply 
is capable of being the predetermined voltage sup- 
ply level or at least one other voltage supply level 



11. The voltage detector as defined in claim 10 fur- 
ther comprising control means for controlling said 
means for receiving said second signal and said third 
signal, such that said second signal or said third signal is 



and farther wherein said differential amplifier output in response to said control means. 



20 



35 



means magnifies the difference between the first 
voltage supply and the second voltage supply, said 
differential amplifier outputting a first signal in a 
first logic state if the first and second voltage 
supplies are equal and outputting the first signal in 
a second logic state if the first and second voltage 
supplies are not equal; 

output means coupled and responsive to the first 
signal from the differential amplifier means, such 
that the output means outputs a second signal indic- 
ative of the voltage supply level in response to the ^ 
first signal; and 

means for receiving the second signal and a third 
signal and outputting either of said second signal or 
said third signal, wherein the third signal indicates 
said at least one other voltage supply level. 

5. The voltage detector as defined in claim 4 further 
comprising control means for controlling said means for 
receiving said second signal and said third signal, such 
that said second signal or said third signal is output in 
response to said control means. 

6. A voltage detector for a integrated circuit having a 
core operate at a predetermined voltage supply level 
and having at least one portion of said integrated circuit 
capable of operating at either the predetermined volt- 
age supply level or at least one other voltage supply 40 
level, said voltage detector comprising: 

differential amplifier means for comparing said prede- 
termined voltage supply level and the voltage sup- 
ply of at least one portion, said differential ampli- 
fier outputting a first signal in a first logic state if 
the first and second voltage supplies are equal and 
outputting the first agnal in a second logic state if 
the first and second voltage supplies are not equal; 

latching means coupled to said differential amplifier 
means for latching the state of the fu^t signal and 
outputting a second signal indicative of said first 
signal, wherein the second signal is at a third logic 
state if the first and second voltage supplies are 
equal and is at a fourth logic state if the first and 
second voltage supplies are not equal; 

disabling means coupled to said differential amplifier 
means and said latching means, said disabling 
means for disabling said differential amplifier 
means and said latching means; 

means for receiving said second signal and retaining 
said logic state of said second signal, such that said ^ 
logic state of said second signal is retained when 
said latching means, and said differential amplifier 
meanft are disabled. 

7. The voltage detector as defined in claim 6 wherein 
said output means comprising an invener. 

8. The voltage detector as defined in claim 6 further 
comprising means for receiving the second signal and a 
third signal and outputting either of said second signal 



12. The voltage detector as defined in claim 8 
wherein said means for receiving comprises a pair of 
pass gates, wherein said second signal is received by one 
of said pair and said third signal is received by the other 
of said pair, said pass gates outputting a fourth signal 
indicative of said at least one other voltage supply level. 

13. The voltage detector as defined in claim 12 fur- 
ther comprising control means for controlling said 
means for receiving said second signal and said third 
signal, such that said second signal or said third signal is 
output in response to said control means. 

14. The voltage detector as defined in claim 6 
wherein said differential amplifier means includes a 
load. 

15. The voltage detector as defined in claim 14 
30 wherein said load comprises a current mirror. 

16. A voltage detector for a integrated circuit having 
a core operate at a predetermined voltage supply level 
and having at least one portion of said integrated circuit 
capable of operating at either the predetermined volt- 
age supply level or at least one other voltage supply 
level, said voltage detector comprising: 

differential amplifier means for comparing said prede- 
termined voltage supply level and the voltage sup- 
ply of said at least one portion, wherein said prede- 
termined voltage supply level and said voltage 
supply level of said at least one portion are re- 
ceived by inputs of the differential amplifier means 
as voltage references, wherem the voltage refer- 
ences of the inputs to said differential amplifier 
means leak current, such that the difference be- 
tween the predetermined voltage supply and the 
voltage supply of at least one portion is magnified^ 
said differential amplifier outputting a first signal in a 
first logic state if the first and second voltage 
supplies are equal and outputting the first signal in 
a second logic state if the first and second voltage 
supplies are not equal; . 
latching means coupled to said differential amplifier 
means for latching the state of the first signal and 
outputting a second signal indicative of said first 
signal, wherein the second signal is at a thitd logic 
state if the first and second voltage supplies are 
equal and is at a fourth logic state if the first and 
second voltage supplies are not equal; 
disabling means coupled to said differential amplifier 
means and said latching means, said disabling 
means for disabling said differential amplifier 
means and said latching means; 
means for receiving said second signal and retaining 
said logic state of said second signal, such that said 
logic state of said second signal is retained when 
said latching means and said differential amplifier 

means are disabled. 

♦ * « * * 
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